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Noribumi Kikuchi 



, a translator, residing at Riverside Yamashita 



503, 2-785-1 Amanuma-cho, Ohmiya-ku, Saitama-Shi, Saitama, 33Q-Q834, 
Japan 

hereby states- 

(1) that I know well both the Japanese and English languages; 

(2) that I translated the attached document identified as 
corresponding to Japanese Application No. [JP2000 184160] filed in Japan on 
[June 20, 2000] from Japanese to English; 

(3) that the attached English translation is a true and correct 
translation of Japanese Application No.[JP2000-184160], to the best of my 
knowledge and belief! and 

(4) that all statements made of my own knowledge are true and that 
all statements made on information and belief are believed to be true and 
further, that these statements are made with the knowledge that willful 
false statements and the like are punishable by fine or imprisonment, or 
both, under 18 U.S.C. §1001, and that such false statements may jeopardize 
the validity of the application or any patent issuing thereon. 
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[Name of Document] Specification 

[Title of the Invention] Amorphous Fine Silica Particle, and Production 
Method and Application thereof 

[What is claimed is] 

[Claim l] A process for producing an amorphous fine silica particle by 
introducing a gaseous silicon compound into a flame and hydrolyzing it, the 
process comprising, 

setting the flame temperature to be more than melting point of silica, 
setting a silica concentration in the flame to be more than 0.25 kg/Nm 3 , 
staying a generated silica particle for a short time under the high 
temperature which is more than the melting point of the silica, and 
making the amorphous silica particle having 0.1 to 1.0 Mm of the average 
particle diameter (median diameter) and 5 to 30 m 2 /g of the specific surface 
area. 

[Claim 2] The production process according to claim 1, 

wherein the silica concentration (v) in the flame is 0.25 to 1.0 kg/Nm 3 . 

[Claim 3] The production process according to claim 1 or 2, 

wherein the staying time (t) in the flame of the silica particle is 0.02 to 0.30 

seconds. 

[Claim 4] The production process according to claim 1, 2 or 3, the process 
comprising, 

controlling the specific surface area (S) and the median diameter of the silica 
particle (r), the silica concentration in the flame (v), and the staying time in 
the flame (t) of the silica particle according to the following formulas [I] and 
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[II], respectively* 

S = 3.52 (vt)- 0.4 [I] 

r = 1.07 (vt) 0.4 [II] 

[Claim 5] An amorphous fine silica particle, 

wherein the average particle diameter (median diameter) is 0.1 to 0.7jim, the 
specific surface area is 5 to 30 m 2 /g, and dispersion coefficient (z) shown in 
the following formula [III] is 40 or less- 
Z = Y / 2X [Ill] 

where X is a median diameter, Y is a particle size range, which is from 10% 
to 90% of an accumulative particle size. 

[Claim 6] The amorphous fine silica particle according to claim 5, 

wherein said silica particle is used as a filler of a semiconductor resin-sealing 

agent. 

[Claim 7] The amorphous fine silica particle according to claim 5, 

wherein said silica particle is used as a filler for anti-blocking of a plastic 

film or sheet. 

[Claim 8] The amorphous fine silica particle according to claim 5, 
wherein said silica particle is used as an outer additional agent for a toner. 
[Claim 9] The amorphous fine silica particle according to claim 5, 
wherein said silica particle is used for a surface protection layer or an 
electric charge transportation layer of a photo conductor of an electronic 
photograph. 

[Background of the Invention] 
[0001] 
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[Field of the Invention] 

The present invention relates to an amorphous spherical fine silica 
particle and production process thereof. This silica particle is suitable as a 
filler for a semiconductor sealing agent, a filler for anti-blocking of a plastic 
film or sheet, an outer or inner additional agent of a toner for an electronic 
photograph in a copying machine, a printer, a facsimile, a plate making 
system, or the like, which are driven by an electronic photograph method, and 
a material of a surface protection layer or an electric charge transportation 
layer of a photo conductor for an electronic photograph. 
[0002] 

Although a silica fine powder is added as a filler to a semiconductor 
resin-sealing agent in order to improve fluidity and burr resistance, the 
present invention relates to the amorphous spherical silica particle suitable as 
this filler, and its production process. Further, although it is known that the 
blocking is prevented by adding the filler to a plastic film or sheet, forming the 
fine irregularity on the surface of the film and decreasing a contact area, the 
amorphous fine silica particle of the present invention is also suitable as this 
filler. Further, the outer additional agent is used for improving the fluidity, 
heat resistance and long-term preservation of the toner for the electronic 
photograph, and controlling electrostatic charge, a cleaning characteristic, 
adhessibility on a carrier or a surface of the photo conductor, and degradation 
behavior of a development material. In addition, the inner additional agent is 
used for improving durability of the toner for the electronic photograph and 
increasing durability of the surface protection layer of the photo conductor of 
the electronic photograph, which is loaded electrically or mechanically. 
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However, the present invention relates to the amorphous fine silica particle, 
which is widely used as such the outer or inner additional agent, and its 
production process. 

[0003] 

[Description of the Prior Art] 

As for the silica filler used as the semiconductor resin-sealing agent, it 
is suitable that the silica filler has high purity as much as possible, a true 
spherical form, and a suitable particle size distribution. Further, in order to 
have the high filling and the high fluidity, it is effective that the silica filler 
can be filled also in a fine space between these silica particles, and be 
improved a sliding between these particles. Therefore, the particle having 0.1 
to 1 M m of an average particle diameter and 5 to 30 m 2 /g of a BET specific 
surface area (it is called as only the specific surface area hereinafter) has been 
used in general. Further, as the outer additional agent of the toner for the 
electronic photograph, the silica particle, a titania particle or the like having 
0.006 to 0.040 Mm of the average particle diameter has been used now for 
improving the fluidity and controlling the electrostatic charge. In addition, as 
the inner additional agent, the silica particle having 0.005 to 0.040 Mm of the 
average particle diameter has been used. However, the following fine silica 
particle is required, that is, the particle having the sharp particle size 
distribution for corresponding to improve speed, clearness of the picture and 
control of the degradation behavior of the development material, or the like. 
Furthermore, the silica particle having 0.005 to 0.150 Mm of the average 
particle diameter has been used for increasing the durability of the surface 
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protection layer or the electric charge transportation layer of the photo 
conductor of the electronic photograph. However, a wet-type silica and a silica 
gel produced using sodium silicate as a raw material have a problem that the 
content of an alkali metal such as soda or the like is high. Thus, the fine silica 
particle having low content of the alkali metal is required instead of the 
wet-type silica and the silica gel. 
[0004] 

By the way, in a conventional sol-gel method, it is hard to produce the 
fine particle being 1 tt m or less and to obtain the silica fine silica particle 
having the suitable particle size as the material of the filler. Further, in the 
sol-gel method, even when the particle being IMm or less is produced, the 
particles are grown and sintered each other when the reactant is baked to 
become the stable silica particle. Thus, it is difficult to obtain steadily the 
silica particle which is possible to isodisperse while keeping the particle size. 
Further, the fine particle of the reactant by the sol-gel method, which is 
insufficient baked, has residual silanol groups and organic materials too much, 
so that there is a problem that a compound mixed, kneaded and filled with 
this fine particle, generates gases at the time of an injection molding 
processing. Thus, this fine particle cannot be used to the filler for the 
semiconductor resin-sealing agent. 
[0005] 

On the other hand, as for a titanium dioxide particle, the following 
process is known, that is, a process comprising, using titanium tetrachloride 
as the raw material, directly oxidizing it with oxygen at high temperature, 
and thereby, producing a crystalline particle being 0.1 Mm or more. However, 
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as for the production process of silica, it is necessary to carry out a direct 
oxidation at a higher temperature than that of the titanium dioxide. Further, 
since the difference between the melting point (1730°C) and the boiling point 
(2230^9 is closed the growing of the particle is insufficient, so that it becomes 
easily to an ultra fine particle being 0.1 Mm or less. Further, the productivity 
is also low. Therefore, it is also hard to obtain the silica particle having the 
preferable particle size as the filler material by this process. 
[0006] 

Further, the following process has a problem that the purity of the 
silica particle to be produced is low, that is, the process comprising, firing a 
metallic silicon powder in an oxygen-containing atmosphere, forming the 
flame, and oxidizing continuously. As for the silica fine powder used to the 
semiconductor resin-sealing agent, the powder having the high purity is 
required, and more particularly, the powder having an uranium content as 
small as possible is required for not generating a radiation error. However, it 
is hard to refine the metallic silicon, so that the silica fine powder having the 
high purity cannot be produced at low cost by the oxidation combustion 
method using this metallic silicon as the raw material. 

[0007] 

[Problems to be solved] 

The present invention solves the above-mentioned problems in the 
conventional production process, and provides the process for producing the 
high purity amorphous fine silica particle with low cost, wherein the particle 
has a true spherical form and a suitable particle size distribution. Further the 
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present invention relates to the fine silica particle produced by thereof. 
[0008] 

[Means to be solved] 

That is, the present invention relates to the following production 
process of the amorphous fine silica particle. 

(1) A process for producing an amorphous fine silica particle by introducing a 
gaseous silicone compound into a flame and hydrolyzing it, the process 
comprising, 

setting the flame temperature to be more than a melting point of silica, 
setting a silica concentration in the flame to be more than 0.25 kg/Nm 3 , 
staying a generated silica particle for a short time under the high 
temperature which is more than the melting point of the silica, and 
producing the amorphous silica particle having 0.1 to 0.7 jim of an average 
particle diameter (median diameter) and 5 to 30 m 2 /g of a specific surface 
area. 
[0009] 

The production process of the present invention includes the 
following constitutions. 

(2) The production process according to above (l), 

wherein the silica concentration (v) in the flame is 0.25 to 1.0 kg/Nm 3 . 

(3) The production process according to above (l) or (2), 

wherein the staying time (t) in the flame of the silica particle is 0.02 to 0.30 
seconds. 

(4) The production process according to above (l), (2) or (3), the process 
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comprising, 

controlling the specific surface area (S) and the median diameter of the silica 

particle (r), the silica concentration in the flame (v), and the staying time in 

the flame (t) of the silica particle according to the following formulas [I] and 

[II], respectively- 

S = 3.52 (vt)-0.4 [I] 

r= 1.07 (vt) 0.4 [II] 

[0010] 

Further, the present invention relates to the following amorphous 
fine silica particle. 

(5) An amorphous fine silica particle, 

wherein the average particle diameter (median diameter) is 0.1 to 0.7pm, the 
specific surface area is 5 to 30 m 2 /g, and dispersion coefficient (z) shown in 
the following formula [III] is 40 or less- 
Z = Y / 2X [Ill] 

where X is a median diameter, Y is a particle diameter range, which is from 

10% to 90% of an accumulative particle diameter. 

[0011] 

The amorphous fine silica particle of the present invention includes 
the following particles. 

(6) The amorphous fine silica particle according to above (5), 

wherein the silica particle is used as a filler of a semiconductor resin-sealing 
agent. 

(7) The amorphous fine silica particle according to above (5), 

wherein the silica particle is used as a filler for anti-blocking of a plastic film 
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or sheet. 

(8) The amorphous fine silica particle according to above (5), 

wherein the silica particle is used as an outer additional agent for a toner. 

(9) The amorphous fine silica particle according to above (5), 

wherein the silica particle is used for a surface protection layer or an electric 
charge transportation layer of a photo conductor of an electronic photograph. 

[0012] 

The amorphous fine silica particle of the present invention has the 
suitable particle size distribution as the filler for the semiconductor 
resin-sealing agent, the filler for the anti-blocking of the plastic film or the 
like, and the outer or inner additional agent of the material of the electronic 
photograph such as the toner for the electronic photograph, the photo 
conductor or the like. Further, this amorphous fine silica particle has the 
sufficient effect as these fillers. Furthermore, according to the production 
process of the present invention, this amorphous fine silica particle can be 
easily produced. 



[0013] 

[Detailed description of the preferred embodiments] 
(I) Production Process 

The production process of the present invention is the process for 
producing the amorphous fine silica particle by inducing the gaseous silicon 
compound into the flame and hydrolyzing it, and this process comprising, 
setting the flame temperature to be more than the melting point of the silica, 
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setting the silica concentration in the flame to be more than 0.25 kg/Nm 3 , 
staying the generated silica particle for a short time under the high 
temperature which is more than the melting point of the silica, and 
producing the amorphous silica particle having 0.1 to 0.7 pm of the average 
particle diameter (median diameter) and 5 to 30 m 2 /g of a specific surface 
area. 
[0014] 

The production process of the present invention is based on a flame 
hydrolyzing method, and produces the silica particle by inducing the raw 
material gas of the silicon compound into the flame and hydrolyzing it. As 
the silicon compound as the raw material, the compound, such as silicon 
tetrachloride, trichlorosilane, dichlorosilane, methyltrichlorosilane or the 
like, is used, and this compound is induced into an oxygen-hydrogen flame in 
the gaseous state, and generated a hydrolysis reaction at a high temperature. 
Since these gaseous silicon compounds such as the silicon tetrachloride or 
the like can be distilled and refined easily, the impurities in the raw material 
can be easily removed, so that the silica particle having the high purity can 
be produced. 
[0015] 

The flame is formed using a combustible gas and a combustion 
supporting gas, and the flame temperature is increased to more than the 
melting point of the silica (1730^). As the combustible gas, hydrogen, 
hydrogen-containing gas or hydrogen- generating gas can be used. As the 
combustion supporting gas, oxygen or oxygen-containing gas can be used. If 
the flame temperature is less than the melting point of the silica, it is hard to 
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obtain the silica particle having the objective particle diameter. 
[0016] 

These raw material gas (the silicon compound gas), combustible gas, 
and combustion supporting gas, form the flame by a combustion burner. In 
the flame hydrolyzing method of the present invention, it is preferable to 
burn the combustible gas at the periphery part of the combustion burner for 
compensating the heat lost by radiation, in order to keep the time when the 
generated silica particle is stayed at the high temperature being more than 
the melting point of the silica. Further, as for a reaction container, it is 
preferable that the reaction container has a structure capable of bearing at 
the high temperature of 1000 °C or more in order to keep the flame 
temperature being higher than the melting pint of the silica. Furthermore, it 
is also preferable that an exhaust fan or the like is provided at the exhaust 
side for absorbing, and the pressure in the container is kept at the negative 
pressure of -200 mmAg to -10 mmAg on an atmospheric pressure standard. 
[0017] 

In the production process of the present invention, the silica 
concentration in the flame is adjusted to be more than 0.25 kg/Nm 3 , 
preferably about 0.25 to 1.0 kg/Nm 3 , by controlling the feeding amount or the 
like of the raw material gas. If the silica concentration is less than 0.25 
kg/Nm 3 , the particle cannot be fully grown, so that the desired particle 
diameter cannot be obtained. On the other hand, the silica concentration is 
more than 1.0 kg/Nm 3 , the silica is easily adhered to the burner, and it is 
difficult to control the particle diameter. 
[0018] 
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Further, in the production process of the present invention, the silica 
particle is grown and the particle diameter is controlled by staying the silica 
particle in the flame for the short time (at the high temperature being more 
than the melting point of the silica) when the silica particle is generated by 
the flame hydrolysis. The staying time is 0.02 to 0.30 seconds suitably. If the 
staying time is shorter than 0.02 seconds, the particle cannot be fully grown. 
Further, if the staying time is longer than 0.30 seconds, the generated 
particles are fused each other and the adhesion of silica to the inside wall of 
the reaction container is remarkably increased, so that it is not preferable. 
[0019] 

In addition, the particle diameter of the silica particle can be 
controlled by inducing a dilution gas (air, nitrogen gas or the like) into the 
raw material gas, the combustible gas and the combustion supporting gas 
and adjusting the combustion temperature and gas flowing rate. When the 
feeding amount of the dilution gas is increased, the flame temperature is 
lowered and the gas flowing rate is increased, the staying time of the silica is 
decreased, and the growing of the particle is controlled. Thus, the silica 
particles having the comparatively small particle diameter and the large 
specific surface area are made. 
[0020] 

More particularly, in the production process of the present invention, 
the specific surface area (S), the median diameter (r), the silica concentration 
in the flame (v), and the staying time in the flame of the silica particle (t) are 
controlled respectively according to the following formulas [I] and [II]. 

S = 3.52 (vtH 4 [I] 
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r= 1.07 (vt) 04 [II] 

As shown in graphs of Figure 2 and Figure 3, it is found out that the 
specific surface area (S) and the median diameter of the fine silica particle (r), 
which is produced by the production process of the present invention, have 
the relation shown in the logarithm curve expressed by the above formulas 
[I] and [II], with respect to the product of the silica concentration in the 
flame (v) and the staying time (t). Therefore, the specific surface area (S) and 
the median diameter of the silica particle (r) can be controlled using the 
silica concentration (v) and the staying time (t). Further, the silica 
concentration and the staying time in the flame are controlled according to 
the objective specific surface are and the median diameter. 
[0021] 

The silica particle taken out from the reaction container is quickly 
cooled so as not to be sintered, fused, recrystallized or surface -changed, and 
is dissociated and recovered at the temperature being the dew point of water 
or other reactive materials which are easily condensed. As a recovery device, 
a dust catcher, a cyclone, a bug filter or the like can be used. On the 
recovered silica particle, a halogen such as hydrogen chloride, a halogen 
compound, nitrogen oxide or the like contained in the combustible gas, is 
adsorbed, so that it is preferable to remove these materials. These volatile 
anion impurities adsorbed on the silica particle can be removed or decreased 
by heat-treating it in an electric furnace, a fluidized bed, a rotary kiln or the 
like. Any of treatments of continuous or a batch can be carried out as the 
heat treatment. As for the heat treatment, although the effect of removal and 
reduction is so high that the treatment time is long at the high temperature, 
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the silica particle may be condensed or fused at the high temperature of 
800°C or more, so that the temperature at 800^ or less is suitable. For 
using as a semiconductor material, the high purity silica having few 
impurities as much as possible is required. However, when such the 
adsorbed impurities are removed, the silica particle suitable as the 
semiconductor material can be obtained. 
[0022] 

(II) Fine Silica Particle 

According to the above-mentioned production process, the amorphous 
silica particle having 0.1 to 0.7 Mm of the average particle diameter (the 
median diameter), 5 to 30 m 2 /g of the specific surface area, and 40% of the 
dispersion coefficient (z) expressed in the following formula [III] can be 
produced. 

Z = Y/2X [Ill] 
Where, X is the median diameter, and Y is the particle diameter range, 
which is from 10% to 90% of the accumulative particle diameter. Clearly 
from the formula [III], the dispersion coefficient (z) shows the distribution 
state centering the median diameter of the silica particle, and the particles 
having smaller value of this coefficient have the particle size distributions 
concentrated near the median diameter. In addition, as for the particle 
diameter range of less than 10% of the accumulative particle diameter and 
the particle diameter range of more than 90% of the accumulative particle 
diameter, both distribution errors become large, so that it is based on the 
particle diameter range Y, in which the accumulative particle diameter is 
from 10% to 90%. 
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[0023] 

In addition, the dispersion coefficient (z) of the conventional silica 
particle like the silica particle of the present invention is 43% or more, and 
has larger distribution than that of the present invention. Therefore, the 
conventional silica particle needs comparatively many additional amounts 
when giving slidability between particles. On the other hand, as for the fine 
silica particle of the present invention, the distribution is concentrated near 
the median diameter, and the particle size is more uniform remarkably than 
that of the conventional particle. Thus, there is an advantageous that the 
effect can be easily obtained with the comparatively little amount when 
giving the slidability between the particles. 
[0024] 

Further, the fine silica particle of the present invention can be easily 
isodispersed. The fine silica particle of the present invention has the smaller 
median diameter than that of the conventional silica particle, the particle 
size distribution concentrated near the median diameter, and the 
remarkably uniform particle diameter in this way. Thus, this silica particle is 
suitable as the silica filler used for improving the fluidity, the burr resistance 
or the like of the resin compound for the semiconductor. By the way, as for 
the particle having the smaller particle diameter and larger specific surface 
area than the above-mentioned ranges, the fluidity of the compound is 
decreased. On the other hand, as for the particle having the larger particle 
diameter and smaller specific surface are than the above-mentioned ranges, 
the burr resistance is decreased. 
[0025] 
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Furthermore, the fine silica particle of the present invention is a 
nearly perfect amorphous particle, and has the particle form like a near true 
sphere. Therefore, this silica particle has the excellent effect as the filling 
material of the resin compound for the semiconductor. In addition, as shown 
in Figure 1 with contrast, as for the conventional silica particle marketed as 
the filling material or the like, the peak of the particle size distribution is 
deviated to the 1 M m side as rather than the silica particle of the present 
invention, and the particle diameter is larger than that of the silica particle 
of the present invention. 
[0026] 

The fine silica particle of the present invention is also suitable as the 
filler for the anti-blocking of the plastic film or sheet. The filler for the 
anti-blocking is used for preventing a blocking by forming fine irregularities 
on the surface of the film or sheet. It is required for the filler for 
anti-blocking that the particle has the larger particle diameter than that of a 
filler for abrasion resistance or scratch resistance, the particle diameter of 1 
M m or less, and the sharp particle size distribution. Further, as for the filler 
for the anti-blocking, the chemical stability is required in order not to leave 
away from the plastic film or sheet. Furthermore, the filler not generating 
the gas at the time of the production or the molding process is required, and 
this filler must have high affinity with the resin. The fine silica particle of 
the present invention is suitable as the filler for the anti-blocking. 
[0027] 

The fine silica particle of the present invention is also suitable as the 
outer or inner additional agent of the toner for the electric photograph, since 
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having the controlled specific surface area and median diameter, and the 

high purity as mentioned above. 

[0028] 

The silica particle of the present invention uses the gaseous silicon 
compound (the silicon tetrachloride gas or the like) as the raw material, and 
it is easy to remove the impurities by distillation, so that the high purity 
silica particle having few uranium contents or the like can be obtained. More 
particularly, the following fine silica particle can be obtained, that is, the 
silica particle, in which the uranium content is 0.5ppb or less, the contents of 
aluminum and iron are 500ppm or less respectively, and the contents of 
sodium, manganese, chromium and phosphorous are lOppm or less 
respectively. Further, the adsorbed impurities are removed and reduced by 
the heat treatment at the time of recovering the silica particle produced by 
the flame hydrolysis, so that the high purity fine silica particle can be 
obtained. As for the semiconductor memory, a memory having the few 
uranium contents as small as possible is required in order to prevent a soft 
error induced by ol ray contained in the material. Therefore, the high 
purity fine silica particle of the present invention is preferable also from 
these points. 

[0029] 
[Example] 

Hereinafter, the present invention is concretely explained with 
examples. 
[0030] 
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[Example l] 

As shown in Figure 1, the amorphous silica particle was produced as 
a following producing device, and this device comprised an evaporator 1 for 
evaporating and feeding the silicon compound as the raw material, a feed 
pipe 2 for feeding the silicon compound gas as the raw material, a feed pipe 3 
for feeding the combustible gas, a feed pipe 4 for feeding the combustion 
supporting gas, a burner 5 connected to these pipes 2*4, a reaction container 
6 carrying out the flame hydrolysis reaction, a cooling pipe 7 combined with 
the down stream of the reaction container 6, a recovery device 8 for 
recovering the produced silica particle, an exhaust gas treatment device 9 at 
the more down stream, and an exhaust fan 10. In addition, the inner wall of 
the reaction container 6 was lined with alumina bricks to be used so as to be 
resisted at the high temperature being 1000°C or more. 
Production Process 

The silica particle was obtained, opening the feed pipe pf the 
combustion supporting gas, feeding oxygen gas to the burner, firing the 
ignition burner (the illustration was omitted), opening the feed pipe of the 
combustible gas, feeding hydrogen gas to the burner to form the flame, 
feeding silicon tetrachloride gasified by the evaporator 1 to the flame, and 
carrying out the flame hydrolysis reaction under the conditions shown in 
Table 2, and recovering the generated silica powder by the recovery device 8. 
The exhaust gas after recovering the powder was treated by the exhaust gas 
treatment device 9, and was exhausted through the exhaust fan 10. The 
amount of the silicon tetrachloride gas as the raw material, the amounts of 
the hydrogen gas and the oxygen gas, the silica concentration and the 
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staying time in the flame, and the particle diameter and the dispersion 
coefficient of the generated silica particle were shown in Table 1. In addition, 
the value of the conventional silica particle was shown comparatively. 
Further, the particle size distributions of Examples No. 16 and the 



conventional silica particle were shown in Table 2. 

[0031] 

[Table l] 



No. 


1 


2 


3 


4 


5 


6 


Conventional 
Particle 


Production Conditions 
















Silicon Tetrachloride (kg/hr) 


200 


125 


100 


100 


150 


150 




Hydrogen (NmVhr) 


60 


50 


60 


60 


60 


45 




Oxygen (Nm3/hr) 


60 


28 


33 


33 


33 


25 




Silica Concentration (kg/Nm 3 ) 


0.50 


0.53 


0.41 


0.41 


0.53 


0.63 




Staying Time (sec) 


0.012 


0.030 


0.042 


0.078 


0.071 


0.083 




Generated Silica Particle 
















Specific Surface Area (m 2 /g) 


30.0 


19.1 


17.7 


15.3 


13.2 


10.7 


5.5 


Median Diameter (/im) 


0.195 


0.220 


0.240 


0.299 


0.348 


0.370 


0.65 


10% ReachedParticle 
Diameter ( fj. m) 


0.116 


0.126 


0.132 


0.182 


0.227 


0.244 


0.988 


90% ReachedParticle 
Diameter ( fJ. m) 


0.250 


0.280 


0.285 


0.386 


0.454 


0.498 


0.389 


Y : Particle Diameter Range 
(V m) 


0.134 


0.154 


0.153 


0.204 


0.227 


0.254 


0.599 


z : Y/2X (%) 


34.4 


35.0 


31.9 


34.1 


32.6 


34.3 


46.1 



(Note) Both of 10% Reached Particle Diameter and 90% Reached Particle 
Diameter is accumulative reached particle diameters. X is a median 
diameter. Y is a particle diameter range, which is from 10% to 90% of an 
accumulative reached particle diameter, i.e. Y=BA. z is a dispersion 
coefficient. Silica Concentration is a concentration in flame. 

[0032] 

As shown in Table 1 and Figure 2, as for the silica particles of No. 1~6, 
the specific surface area was 13.2 to 30.0 m 2 /g, the average particle diameter 
(the median diameter) was 0.195 to 0.37 Mm, and the dispersion coefficient 
was 31 to 35%. All of these values were within the range of the present 
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invention. On the other hand, as for the conventional silica particle, although 
the specific surface area and the median diameter were within the range of 
the present invention, the dispersion coefficient was larger than that of the 
present invention, and the peak of the particle size distribution was larger 
than that of the silica particle of the present invention. 
[0033] 

As for the silica particles of No. 1-6, the relationships of the specific 
surface area (S) and the median diameter (r) with respect to the product of 
the silica concentration in the flame (v) and the staying time (t) were shown 
in Figures 3 and 4. From these results, it was found out that the product of 
the silica concentration in the flame (v) and the staying time (t) had 
relationship shown in the following formulas [I] and [II] with respect to the 
specific surface area (S) and the median diameter (r). 

S = 3.52(v ' t)°- 4 [I] 

r = 1.07(v • t) 0 4 [II] 

[0034] 
[Example 2] 

A compound for an examination was prepared, blending the filler, 
which was made by adding the silica powders (No.l to 6) of Example 1 to the 
standard filler, with the resin having the composition shown in Table 2, in 
which the phenol novolac type curing agent was added to biphenyl type 
epoxy resin. This compound was mixed and kneaded for 5 minutes by the 
heated mixing roll mill (it had 2 rolls). Then, the spiral flow and the burr 
length were measured. These results were shown in Table 3. In addition, the 
silica filler was prepared so that the weight ratio of the silica filler with 
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respect to the standard filler in all fillers became 5% and 10%, and the filling 
ratio of the silica filler in the compound was 88.0 wt.%. As the standard filler, 
the spherical silica particle having 22.4 Mm of the average particle diameter 
and 2.3 m 2 /g of the specific surface area was used. As for the measuring 
method, the spiral flow and the burr length were measured, injecting each 
sample to each metallic mold for the measurement for 100 seconds at the 
heating temperature of 180^ and the injection pressure of 70 kg/cm 2 G. 
Clearly from the contrast with the comparison basis, as for the samples 
added with the silica particle of the present invention, the spiral flow and the 
burr length were decreased, and this effect was almost proportional to the 
additional amount. 



[0035] 
[Table 2] 



Composition [Name of used material^ 


Blending Ratio 
of Resin(wt%) 


Blending Ratio 
of Compound(wt%) 


Epoxy Resin (Biphenyl type) 

[Yuka Shell Epoxy Corp. : YH 4000 H] 


53.7 


6.45 


Curing agent (Phenol novolac type) 
[Nippon Kayaku Corp. : PN~803 


31.4 


3.77 


Fire Retardant (Br-biphenyl A) 
[Yuka Shell Epoxy Corp '• Epicort50503 


5.4 


0.65 


Fire Retardant (Antimony Oxide) 


5.4 


0.65 


Releasing Agent (Karunaba Wax) 


1.1 


0.13 


Coloring Agent (Carbon Black) 


1.6 


0.19 


Silane Coupling Agent 
[Shinestu Chemical Co. : KBM 4033 


0.6 


0.07 


Curing Acceleration Agent (Triphenyl 
Phosphine) 


0.8 


0.09 


Silica Powder (Standard Filler + Sample) 
Standard Filler : 90^100% 
Fine particle sample * 10% 




88.00 


Sum 


100.0 


100.00 
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[0036] 
[Table 3] 



Silica 
Particle 


Addition(g) 


Spiral Flow (inch) 


Burr Length (mm) 


No.l 


2.5 
5.0 
10.0 


27.0 
23.0 
19.0 


6.1 
4.2 
1.9 


No.2 


2.5 
5.0 
10.0 


25.5 
23.5 
23.0 


5.6 
4.3 
2.2 


No.3 


2.5 
5.0 
10.0 


29.5 
26.0 
23.5 


6.1 
5.1 
1.9 


No. 4 


2.5 
5.0 
10.0 


32.5 
32.0 
27.0 


6.1 
5.1 

3.2 


No.5 


2.5 
5.0 
10.0 


33.5 
33.0 
28.0 


7.3 
5.0 
3.2 


No.6 


2.5 
5.0 
10.0 


35.5 
35.5 
35.5 


5.9 
3.8 
4.2 


Comparison 
Basis 


0.0 


31.9 


8.5 



[0037] 

[Effectiveness of the Invention] 

According to the production process of the present invention, it is 
possible to obtain the fine silica particle having 0.1 to 0.7 Mm of the average 
particle diameter (the median diameter), 5 to 30 m 2 /g of the specific surface 
area, and 40% or less of the dispersion coefficient (z) having the sharp 
particle size distribution. This fine silica particle has the particle shape 
being near the true sphere, and the particle diameter is remarkably uniform. 
Therefore, this silica particle is suitable as the semiconductor resin-sealing 
agent and the filler for the anti-blocking of the plastic film or sheet, or the 
like. 
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[Brief Explanation of Drawings] 

[Figure l] A constitution view of a production device carrying out a 
production process of the present invention 

[Figure 2] A graph showing particle size distributions of a fine silica 
particle of the present invention and a conventional silica particle 

[Figure 3] A graph showing a relational expression of a specific 
surface area of the silica particle according to the present invention 

[Figure 4] A graph showing a relational expression of a median 
diameter of the silica particle according to the present invention 
[Explanation of Codes] 

1 is an evaporator, 2 is a feed pipe of a raw material gas, 3 is a feed pipe of a 
combustible gas, 4 is a feed pipe of a combustion supporting gas, 5 is a 
combustion burner, 6 is a reaction container, 7 is a cooling pipe, 8 is a 
recovery device, 9 is an exhaust gas treatment device, 10 is an exhaust fan. 
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[Name of Document] Drawings 
[Figure l] 



Silicon Compound (Silicon tetrachloride) 

Combustible Gas ± 
( H2 ) 
I 2_ 



Supporting Gas 
( 02 ) 

1—^ * 



T 



7-1 




Air Opening 



Product (Silica Powder) 



1 o 




0.01 



0.1 1 

Particle Diameter (Mm) 



Certificate Number Certificate Toku 2002-3038286 

- 28 - 



Toku 2000-184160 




0.001 0.010 0.100 

(Silica Concentration in Flame) * (Saying Time at the 
Temperature of Silica melting point) 



1.000 



-0.4044 



y =3.5181x 
R 2 = 0.9869 



[Figure 4] 
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[Name of Document] Abstract 
[Summary] 

[PROBLEM TO BE SOLVED] To provide a fine silica particle suitable as a 
filling material of a resin for semiconductor, and provide its production 
process. 

[SOLUTION] In the method for producing an amorphous fine silica particle 
by introducing a gaseous silicone compound into a flame and hydrolyzing it, 
the flame temperature is made to be more than a melting point of silica, a 
silica concentration in the flame is increased, and a generated silica particle 
is stayed in the flame to be grown to obtain the amorphous silica particle 
having 0.1 to 1.0 Mm of an average particle diameter and 5 to 30 m 2 /g of a 
specific surface area. 
[Chosen drawing] Nothing 
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